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Aquatic microbial food webs 
Abstract
Freshwater pro-and eukaryotic microorganisms and viruses are interconnected by trophic interactions
that form complex food webs. The labile dissolved organic carbon in the pelagic zone is consumed by
bacteria which in turn are grazed by unicellular protistan predators. This results in a recycling of
growth-limiting nutrients for the phytoplankton and in the transfer of particulate organic carbon and
nutrients to higher trophic levels. The success of microbial populations in aquatic environments is
dependent on their ability to outgrow the mortality inflicted by protistan grazing and viral lysis while
competing for limited resources. Various microbial phenotypic adaptations are therefore aimed at
reducing loss rates by predation. Heterotrophic protists, in turn, selectively target particular bacterial
morphotypes or species. Bacterioplankton assemblages are thus composed of different genotypic
populations that are particularly well adapted to cope with either top-down (predation defense) or
bottom-up (resource competition) factors. Since pelagic microbial food webs are set against a
background of spatial heterogeneity, the microscale patchiness of resource distribution and mortality
allows for a coexistence of bacterial species with different growth strategies. The high overall stability
of aquatic prokaryotic assemblages at the community level thus probably results from the variable
temporal dynamics of numerous individual bacterial populations.
Aquatic microbial food webs  
Jakob Pernthaler, Thomas Posch  
Limnological Station, University of Zurich, Switzerland  
Summary:  
Freshwater pro-and eukaryotic microorganisms and viruses are interconnected by 
trophic interactions that form complex food webs. The labile dissolved organic carbon in 
the pelagic zone is consumed by bacteria which in turn are grazed by unicellular protistan 
predators. This results in a recycling of growth-limiting nutrients for the phytoplankton 
and in the transfer of particulate organic carbon and nutrients to higher trophic levels. The 
success of microbial populations in aquatic environments is dependent on their ability to 
outgrow the mortality inflicted by protistan grazing and viral lysis while competing for 
limited resources. Various microbial phenotypic adaptations are therefore aimed at 
reducing loss rates by predation. Heterotrophic protists, in turn, selectively target 
particular bacterial morphotypes or species. Bacterioplankton assemblages are thus 
composed of different genotypic populations that are particularly well adapted to cope 
with either top-down (predation defense) or bottom-up (resource competition) factors. 
Since pelagic microbial food webs are set against a background of spatial heterogeneity, 
the microscale patchiness of resource distribution and mortality allows for a coexistence 
of bacterial species with different growth strategies. The high overall stability of aquatic 
prokaryotic assemblages at the community level thus probably results from the variable 
temporal dynamics of numerous individual bacterial populations.  
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Introduction:  
Microbial food webs are omnipresent in surface freshwater environments ranging 
from the largest lakes to the smallest puddle (even in the liquid of pitcher plants). The 
immense growth potential of the unicellular pro- and eukaryotic microorganisms in 
pelagic, benthic and littoral habitats is approximately counterbalanced by the action of 
nano- and micro-sized protistan predators and by viral lysis. Therefore, the abundances or 
biomasses of microbial populations in natural waters frequently do not reflect the 
maximal carrying capacities of aquatic ecosystems as set by resource availability only, 
but represent a compromise between so-called top-down (mortality) and bottom-up 
(competition for substrates and nutrients) factors.  
The feeding interactions between aquatic microorganisms have attracted the 
attention of a wider scientific public through the work of ecologists who studied the fate 
of dissolved organic carbon (DOC) released from primary production, or of both DOC 
and nutrients originating from zooplankton grazing or allochthonous (terrestrial) sources. 
The original "microbial loop" concept suggests that a part of the DOC that is assimilated 
by heterotrophic prokaryotes is transferred to higher trophic levels by bacterivorous 
protists which in turn are consumed by micro- and macrozooplankton. This idea soon 
gave rise to a heated scientific debate if the DOC consumed by bacteria in pelagic 
systems is indeed significantly transferred to metazooplankton or if DOC is largely 
remineralized by respiration, i.e. if the microbial loop acts as a link or sink for organic 
carbon. The conflicting views were reconciled to some extent by a concept of microbial 
food webs that encompasses all auto- and heterotrophic unicellular microorganisms 
which together provides the nutritional base for higher trophic levels (FIG 1). Such a 
definition allows more adequate appraisal of the complex interactions between different 
microbial populations, e.g., with respect to mixotrophy (see definition below) or 
parasitism. A wider view of microbial food webs can moreover also address transfer 
processes of organic carbon to higher trophic levels that are per se not part of the 
microbial loop, such as protistan predation on autotrophic picoplankton. 
This article first gives an introduction to the identity and ecological properties of 
the major bacterial consumer in freshwaters and discusses their respective roles in a 
variable and spatially heterogeneous environment. We then outline how the prey 
selectivity of bacterivorous protists can affect both the phenotypic and genotypic 
composition of microbial assemblages by favouring particular bacterial species or 
morphotypes. The last section examines how the simultaneous action of top-down and 
bottom-up factors in multispecies assemblages may result in the apparent stability of total 
bacterial cell numbers that is often observed in freshwaters. Discussion will mainly be 
about the planktonic environment, not because it is more important than other habitats, 
but because planktonic microbial food webs are relatively well studied compared to, e.g., 
the littoral or benthic zones. 
 
Protistan predators  
Nano-sized flagellated protists (i.e., of a size range of 2-5 μm) are the main 
bacterivores in many freshwater systems. The taxonomic affiliation of numerically 
important heterotrophic nanoflagellates often is unclear; members of the genus Spumella 
appear to be widespread in the pelagic zone of lakes. Nanoflagellate abundances may 
range from a few hundreds per ml in oligotrophic mountain lakes to several thousands in 
eutrophic systems, and they tend to increase with bacterial numbers and productivity. 
Flagellates are consumed by a variety of zooplankton including ciliates, rotifers and 
crustaceans. Since eutrophic environments can sustain higher concentrations of micro- 
and metazooplankton, flagellate numbers in more productive systems are hypothesized to 
be more limited by predation than by the availability of bacterial prey. The magnitude of 
such top-down control on bacterivorous protists may, however, be substantially 
influenced by the specific composition of the zooplankton and even fish assemblages, i.e., 
by trophic interactions cascading through the entire food web.  
Flagellate grazers are important agents in recycling limiting nutrients and 
transferring them to other compartments of the microbial food web. The biomass of 
prokaryotes contains higher fractions of phosphorus (P) and nitrogen (N) than their 
eukaryotic predators. Moreover, the largest fraction of the particulate organic carbon 
ingested by protists is utilized for respiration, thereby further increasing their relative 
carbon demand as compared to N and P. Heterotrophic flagellates are thus forced to 
excrete surplus nutrients into the surrounding water. As a consequence, protistan 
bacterivory may directly stimulate the growth of both bacteria and phytoplankton. In 
addition, flagellates represent a source of particulate nutrients for top predators such as 
micro- and metazooplankton.  
The role of ciliated protists in planktonic microbial food webs cannot be generally 
defined but requires additional taxonomic and ecological differentiation. Some genera 
(e.g, Halteria, Cyclidium) may be responsible for most bacterial mortality in eutrophic 
and humic systems. By contrast, other groups play an important role as consumers of 
micro- and macroalgae or are predators of nanoflagellates, of other heterotrophic protists 
and even of macrozooplankton.  
Mixotrophy  
Mixotrophic flagellated and ciliated protists are akin to “carnivorous plants” 
acquiring resources and energy autotrophically from photosynthesis as well as 
heterotrophically from dissolved and particulate organic matter. These types of protists 
are a common feature of freshwater microbial food webs. Mixotrophic flagellates are 
typically bacterivorous, whereas ciliates may consume both pro- and eukaryotes. Many 
mixotrophic ciliate species actually utilize chloroplasts for photosynthesis that are 
acquired from their algal prey. The particular value of the mixotrophic life style lies in 
the phagotrophic acquisition of the limiting nutrients (P, N) that are required for growth 
by autotrophic carbon fixation. However, mixotrophic organisms are often less 
competitive at optimal growth conditions (i.e., at high nutrient loadings or prey densities) 
than their purely auto- or heterotrophic competitors. Therefore, mixotrophic protists tend 
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to form largest populations in habitats with (or during periods of) high nutrient limitation, 
e.g., in Antarctic or high mountain lakes. 
Parasitism  
More recently viruses have been recognized as another important element of 
aquatic microbial food webs. The total numbers of virus particles in freshwaters typically 
exceeds those of bacteria by a factor of 10, and viral lysis may account for a substantial 
fraction of bacterial and phytoplankton mortality. The ecological consequences of virus-
induced mortality probably differ from the effects of protistan grazing, because viral lysis 
leads to a release of both nutrients and organic carbon from lysed cells. This “viral shunt” 
may represent a substantial input (up to 25%) to the DOC and nutrient pools in some 
aquatic systems.  
Viruses are believed to play a particularly important role in eutrophic systems 
with active bacterial cells, because their reproduction is intimately linked to the metabolic 
state of their hosts. In addition, viruses are sensitive to deactivation by UV radiation 
which is attenuated more rapidly in eutrophic waters. However, viral infection of 
filament-forming bacteria has also been observed in an oligotrophic highly transparent 
mountain lake. Viral lysis may moreover be the most important cause of bacterial 
mortality in the anoxic hypolimnion of lakes. Comparatively few bacterivorous protists 
are found in anoxic waters, and the typically elevated densities of bacterial host cells in 
these habitats favour viral reproduction.  
Other parasitic relationships between prokaryotic and eukaryotic microbes are less 
well understood, but may be important elements of aquatic microbial food webs. The 
interactions between bacterial pathogens of pro- and eukaryotic freshwater phytoplankton 
species have been investigated in pure culture, but their role in the environment remains 
obscure. Algicidal bacteria are increasingly regarded as a potential means for biocontrol 
of harmful algal blooms, e.g., the addition of a Pseudomonas fluorescens strain to natural 
waters was found to terminate blooms of the diatom Stephanodiscus hantzschii. Another 
group of parasitic microorganisms known to infect a variety of different algae species are 
the chytrid fungi. These microorganisms can control the population dynamics of diatoms 
(e.g, of Asterionella) during spring phytoplankton blooms. The free-living fungal 
zoospores, in turn, represent food of high nutritional value for cladoceran zooplankton.  
Habitat heterogeneity  
Freshwater microbial food webs should not be regarded as an abstract set of biotic 
interactions only, but must be understood in the context of a heterogeneous 
physicochemical environment. From a microbial perspective, even an oligotrophic 
pelagic habitat may exhibit considerable structural variability. For example, 
phytoplankton cells may be surrounded by a species-specific zone of enhanced DOC 
concentration (the phycosphere) which can be detected and tracked by motile chemotactic 
bacteria. On the other hand, colonial diatoms such as Fragilaria or Asterionella may 
provide a surface for the attachment of choanoflagellates (e.g., Salpingoeca) that are 
filter-feeding on planktonic bacteria. Senescent algal cells moreover tend to agglutinate 
due to higher exopolymer secretion and shearing forces, and such slowly sedimenting 
macroscopic organic aggregates represent hot spots of bacterial abundance and 
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production. It is, therefore, not surprising that heterotrophic flagellates and ciliates 
actively colonize these “lake snow” particles in order to profit from the attached bacterial 
biomass. The elevated bacterial cell densities and activity in such habitats most likely 
also provide better reproductive conditions for bacteriophages.  
Other zones of steep environmental gradients have so far received less attention 
with respect to microbial food webs, e.g. the benthic boundary layer above sediments. 
Pronounced layerings of pro-and eukaryotic microbial species are also observed along 
oxyclines in meromictic lakes. Moreover, there are indications that the microbial food 
webs in the littoral zone of lakes might differ from the pelagic realms, potentially due to a 
higher influence of bacteria and protists that originate from biofilms (e.g., on 
macrophytes).  
From communities to populations  
Current ecological theory assumes that food web structure is not a random 
phenomenon but governed by a set of general rules. In order to predict particular aspects 
of food web topology (e.g., food chain length), detailed knowledge of species richness 
and connectance (i.e., the fraction of possible predator-prey links that actually occur) 
would be required. In addition, basic assumptions about the rules governing ‘‘who eats 
whom’’ have to be set, such as size differences of predators and prey or the similarity in 
the prey spectra of phylogenetically closely related organisms.  
Unfortunately, theoretical questions, e.g., about the assembly, resilience or 
dynamic behaviour of aquatic microbial food webs currently cannot be addressed outside 
highly simplified model microcosms. For one, our knowledge of the taxonomic 
composition of freshwater microbial food webs is rudimentary. An accurate quantitative 
taxonomic identification of aquatic microbes currently is, by and large, limited to 
phytoplankton and the ciliated protists. By contrast, it is not possible to assess the 
community composition of viruses, heterotrophic bacteria and bacterivorous 
nanoflagellates at sufficiently high levels of phylogenetic resolution (i.e., species-like 
units or genotypes). Secondly, we only possess a vague understanding of the qualitative 
interactions between the numerically important taxa of aquatic microbes, e.g., of viral 
host ranges, or the food spectra and preferences of the common species of freshwater 
bacterivorous flagellates.  
As a consequence, research in aquatic microbial food webs has moved from 
purely community-level analyses (i.e., studying bacteria or flagellates as single 
conceptual units) to the specific trophic interactions between different genotypic 
populations of abundant freshwater microbes. This has been facilitated by the advent of a 
suite of molecular biological techniques aimed at the qualitative and quantitative 
cultivation-independent identification of microbes in environmental samples, e.g. by 
analysis of ribosomal RNA genes. Using these approaches focus can be put on the 
relationship between those bacterial and eukaryotic species that are numerically 
important in situ. This approach represents considerable progress compared to laboratory 
investigations on arbitrary sets of microbial populations that may or may not coexist in 
natural habitats. In the following sections we present some aspects of a more population 
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centred viewpoint to illustrate the heterogeneity and multifariousness of freshwater 
microbial food webs. 
Selective mortality  
Killing the winner  
Sometimes populations of single microbial species escape from control by the 
food web. For example, bacteria related to the nosocomial pathogen Stenotrophomonas 
maltophilia transiently formed >90% of all cells in a supposedly pristine subtropical 
lagoon, but virtually disappeared from the pelagic zone within the following 48h. This 
observation is one example that highlights the need to better understand the mechanisms 
that allow for the growth or selective elimination of particular bacterial species or 
genotypes.  
Theoretical analyses suggest that viruses are important for maintaining the 
diversity of aquatic microbial assemblages. Viral lysis depends on both the density and 
growth rate of the host and is moreover highly host-specific. Therefore, if a bacterial 
genotype is particularly successful in outgrowing all its competitors, it should in turn 
become more sensitive to viral attack leading to a condition referred to as “killing the 
winner”. A similar control of specific bacterial populations can also be envisaged for 
selectively feeding protistan predators.  
Particle uptake selectivity  
Laboratory studies have documented that bacterivorous freshwater flagellate 
species can feed on a wide range of bacterial species even if they do not co-exist with 
these strains in their natural habitat. However, predation mortality on bacteria in mixed 
assemblages is neither uniform nor random. For example, bacterial cell size has been 
recognized as a major selection factor for protistan grazing. Cells within a size range of 1 
to 4 μm are preferably ingested by heterotrophic flagellates and ciliates, whereas the 
mortality rates of larger and smaller cells are reduced. Depending on their size bacterial 
morphotypes are thus either disproportionally sensitive or fully or partially resistant 
against protistan grazing (FIG.2). Moreover, bacteria may become increasingly 
vulnerable to predation if they are more active or dividing, because higher growth rates 
are typically associated with larger cell sizes.  
In order to understand this selective mortality, it is important to recognize that 
even the smallest bacterivorous protists of sizes <5 μm are highly evolved organisms with 
complex sensory abilities and behavioural adaptation to the predatory life style. The 
capture, handling and ingestion of particles by interception-feeding flagellates is a 
flexible multi-step procedure (FIG. 3). The feeding process allows for a better evaluation 
of food quality by protists and it provides various possibilities for bacteria to avoid or at 
least reduce predation. Phagotrophy by filter-feeding as, e.g., found in choanoflagellates 
and bacterivorous ciliates may also permit substantial selectivity during particle 
acquisition. For example, particular cell surface properties (hydrophobicity, mucous 
capsids, or surface-bound chemical deterrents), motility or cell shape might all interfere 
with prey handling or ingestion.  
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Bacterial species consequently differ in their quality as prey, i.e. the grazing of 
single protistan species on various bacterial strains may yield a range of different growth 
rates. This might reflect protistan capture success rates for different bacteria, but also 
their nutritional value (e.g., glycogen content), and it can even be related to specific 
microbial secondary metabolites (e.g., digestive inhibitors, toxins).  
Free-living heterotrophic protists moreover follow a so-called optimal foraging 
strategy. This implies that they flexibly adapt their search behaviour and/or their particle 
uptake selectivity to both the likely success rate and to their physiological condition. 
Specifically, protists can discriminate against particles or bacteria with lower nutritional 
value depending on their level of starvation, the overall particle densities or the relative 
amount of high quality prey.  
Grazing-resistant bacteria  
Bacteria with threadlike or branched morphotypes and cell sizes between 10 and 
>100 μm are typically too large to be ingested by heterotrophic nanoflagellates. Other 
bacteria achieve the same effect by formation of cell chains or microcolonies that may 
additionally be embedded in a matrix of exopolymerous organic material. Filamentous 
bacteria have been found both in very oligotrophic and in highly productive lakes, 
whereas microaggregate formation appears to be related to elevated ambient substrate 
levels. Thread-like or colonial morphotypes might even form a dominant component of 
the microbial assemblages in hypertrophic environments. However, the appearance of 
these grazing-resistant filaments or cell aggregates is restricted to particular seasons in 
many freshwater systems (e.g., immediately after the spring phytoplankton bloom in 
mesotrophic temperate lakes). This reflects the high vulnerability of such morphotypes to 
grazing by cladoceran metazooplankton, especially by daphnids.  
Filamentous bacteria or microaggregates typically do not exceed 1-10% of total 
microbial cell counts even during bloom situations, but may nevertheless constitute a 
prominent fraction (more than 50%) of the total microbial biomass. Therefore, such 
bacteria may represent a substantial fraction of microbially bound organic carbon that 
bypasses the "microbial loop" and is directly transferred to higher trophic levels.  
From phenotypic to genotypic selection  
It is not likely that protistan predators directly sense the phylogenetic affiliation of 
their prey; they rather select according to phenotypic criteria (FIG.4). However, 
individual taxonomic groups of aquatic bacteria may substantially differ in their 
phenotypic properties. For example, some freshwater betaproteobacteria of the genus 
Polynucleobacter and Actinobacteria are ultramicrobacteria of a cell length <1 μm. This 
small cell size is maintained irrespective of growth rates. These microbes consequently 
suffer less loss by protistan predation than other species. On the other extreme, bacteria 
from particular phylogenetic lineages related to Saprospiraceae are amongst the most 
common filamentous bacteria in many freshwater systems. During periods of high 
protistan bacterivory these bacteria may transiently form planktonic blooms that are 
terminated by cladoceran grazing.  
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Interactions between mortality sources  
The interplay of viral lysis and protistan predation in shaping the composition of 
bacterial assemblages is still poorly understood. The presence of grazers can be a 
stimulating factor for both prokaryotic growth and viral proliferation. On the other hand, 
some protists even seem to be able to directly consume viral particles (so far this has not 
been shown outside laboratory cultures). On entirely theoretical grounds, the 
consumption of virus-infected bacteria by protists is predicted to exert a negative effect 
on bacterial species richness. This hypothesis has recently also been supported by 
experimental evidence. Some bacterial populations may even be both resistant against 
flagellate grazing and immune to viral attack (e.g. filamentous Flectobacillus spp.), thus 
profiting from the combined mortality inflicted on their competitors.  
Top-down vs. bottom-up control in mixed microbial assemblages  
The abundances and biomasses of heterotrophic bacteria in freshwaters are 
conspicuously more stable than of phyto- (including prokaryotic cyanobacteria) and 
zooplankton. This phenomenon might be completely unrelated to food webs, as e.g., 
many researchers doubt that all the particles that are classified as bacteria by direct 
counting techniques are indeed viable cells. Nevertheless, substantial controversy has 
centered on whether the apparently tight control of prokaryotic abundances is mediated 
by top-down or bottom-up mechanisms. However, it might not be entirely appropriate to 
assess this question at the community level only.  
Bacterial growth strategies  
Prokaryotic assemblages in lakes typically are a mix of different genotypic 
populations that compete for growth-limiting resources while being affected by unequal 
mortality rates. As a consequence, individual bacterial species adopt distinct life 
strategies, i.e., they invest different amounts of energy and resources in minimizing their 
losses or in maximizing their competitive abilities. Even closely related strains or species 
may substantially differ in growth-related features or in their sensitivity to predation, e.g., 
due to subtle differences in cell morphology. Such phenotypic adaptations typically 
represent trade-offs between increasing growth rates and reducing mortality, but some 
features might even provide advantages in both areas. For example, bacterial motility 
allows for the chemotactic tracking of substrate batches or even of motile algal cells in a 
heterogeneous microenvironment, and extremely high swimming speeds even help to 
reduce grazing losses. On the other hand, the metabolic costs of swimming might 
outweigh its benefits, and allometric constraints suggest that useful motility cannot occur 
in the smallest bacteria. Bacterial species with very small average cell sizes may in turn 
enjoy the double benefit of high surface-to-volume ratios (and thus of higher substrate 
diffusion rates) and reduced size-dependent grazing losses.  
Currently, knowledge about the growth strategies of the important heterotrophic 
prokaryotes in the pelagic zone of freshwaters is limited to less than a handful of 
examples. Some of the smallest and apparently nonmotile bacteria in freshwaters, free-
living Actinobacteria phylogenetically affiliated to the so-called AcI clade, might be 
classified as typical “defense specialists”. The direct inspection of the food vacuole 
content of nanoflagellates shows that AcI Actinobacteria are indeed selectively avoided, 
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and their gram-positive cell wall might even provide additional resistance to digestion. 
On the other hand, these bacteria tend to be rapidly outcompeted by other microbial 
groups in situations that reward a rapid up-shift in growth rates (e.g., during predator-free 
incubations with and without substrate addition). By contrast, some betaproteobacteria of 
the freshwater Beta 1 lineage may rapidly enrich if bacterivores are removed. At the same 
time, these bacteria suffer the highest loss rates if top-down effects are experimentally 
magnified (e.g. by exclusion of the microzooplankton that feeds on bacterivorous 
nanoflagellates). These "opportunitroph" bacterial groups thus rarely form populations 
that exceed 5-10% of total microbial counts in freshwater pelagic environments. It is 
nevertheless conceivable that such small populations of rapidly growing but heavily 
grazed bacterial species are sometimes responsible for a disproportional fraction of the 
total organic carbon that is channelled through the microbial food web.  
Simultaneous action of different controlling mechanism  
Following the above arguments it is likely that microbial assemblages as a whole 
are neither controlled entirely by predation nor by resources: While the concentrations of 
organic carbon or nutrients in the pelagic zone of a lake might be limiting for one 
bacterial population, the same bottom-up conditions might still allow for the growth of 
another one. This implies that bottom-up factors set the lower limits for the growth of 
bacterial species (e.g., of terrestrial origin) in aquatic environments. However, since top-
down control by viruses and protists is density-dependent, bacterial genotypes might 
nevertheless survive at low cell numbers for considerable time even if they are not able to 
form larger populations.  
The regulation of the maximal densities of particular bacterial species by top-down and 
bottom-up processes in mixed microbial assemblages most likely does not result in stable 
cell numbers as achieved by cultivation of single species in chemostats. The most rapidly 
growing (least bottom-up controlled) bacterial populations will form short-lived blooms 
that collapse as soon as selective protistan predation or viral lysis rates exceed their 
growth potential. By contrast, slowly growing prokaryotic species that are less affected 
by predation will accumulate more gradually in microbial assemblages, but will be 
outcompeted in periods of rapidly changing growth conditions, e.g., during 
phytoplankton blooms. The apparent constancy of microbial numbers in a particular 
pelagic environment might thus conceal (or even be a consequence of) the contrasting 
dynamics of more or less stable coexisting bacterial populations that are controlled to a 
different extend by mortality and growth limitation (FIG 4).  
Limits of predictability in aquatic microbial food webs  
It, moreover, appears that top-down and bottom-up factors might not equivalently affect 
the composition of microbial communities. Over the last decade the authors have 
performed extensive studies on experimental freshwater microbial communities fed by 
organic carbon exudates from a phosphorus-limited Cryptomonas sp.. The addition of 
interception-feeding flagellates or filter-feeding ciliates always resulted in a 
disproportional decline of the most successful bottom-up competitors in this assemblage. 
By contrast, different bacterial genotypes profited from the presence of the two predators, 
or even of the same predator in successive experiments. This unbalance of one “loser” 
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versus various possible “winners” in this simple microbial food web suggests that the 
competition between bacterial populations at concomitant top-down control of the most 
successful bottom-up competitor might lead to various more or less stable community 
states. Moreover, even the simplest version of an aquatic food web (one predator, 2 
differently selected prey species) can result in aperiodic fluctuations that are highly 
sensitive to the starting points of the system. Thus, the dynamics of interacting microbial 
population may lead to a condition referred to as deterministic chaos where different 
outcomes arise depending on initial conditions.  
It is thus likely that the population dynamics of individual bacterial species in 
complex aquatic microbial food webs will never be entirely predictable, but also feature a 
stochastic element. A better understanding of the interactions within aquatic microbial 
food webs at a population level will nevertheless be valuable for the definition of those 
microbial species that are useful indicators of ecosystem-wide structural changes.  
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Legend to figures  
Fig. 1: Conceptual depiction of freshwater microbial food webs embedded within 
bottom-up (resources) and top down (metazooplankton predation) factors. The different 
shades of grey resemble the differences in connectedness within the food web, i.e., the 
sum of in- and outgoing connections to other compartments).  
Fig. 2: Effects of size-selective feeding and nutrients on bacterial phenotypes: (A) The 
size-selective feeding of heterotrophic flagellates selectively eliminates bacteria of a cell 
length between approximately 1 and 4 μm. During periods of high grazing most 
microbial biomass in freshwater assemblages thus is found in the very smallest and 
largest size classes. (B) At low ambient levels of nutrients and DOC grazing-resistant 
bacteria are favored that are extremely small. By contrast, highly productive waters favor 
the occurrence of complex or filamentous morphotypes and of microcolonies. At 
intermediate levels of productivity, bacterial in the grazing-vulnerable size range may 
still be able to maintain small populations that compensate losses by high growth rates. 
Combined from various authors.  
Fig. 3: Particle handling procedure of an encounter-feeding flagellate. Bacterial 
adaptations such as cell shape, motility, or surface properties may influence the success 
of the predator at difference stages of the feeding process (redrawn from Jürgens & Matz, 
Antonie van Leeuwenhoek 81: 413–434, 2002).  
Fig. 4: The apparent overall stability of bacterioplankton assemblages may be a 
consequence of fluctuating individual populations that are affected differently by top-
down and bottom-up limitations. In this conceptual depiction, populations a and d are 
competing for similar resources and are regulated by a “killing the winner” mechanism. 
Population b experiences long periods of stability (i.e., successfully compensating 
mortality by growth), whereas population c is kept below a threshold density by selective 
predation. 
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